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Abstract 
High peak-to-average power ratio (PAPR) is one of the major drawbacks in orthogonal frequency division 
multiplexing (OFDM) systems. Partial transmit sequence (PTS) is highly successful in PAPR reduction, but the 
considerable computational complexity for exhaustive search over all combinations of allowed phase factors is 
potential problem for a practical implementation. In this paper, the harmony research algorithm is applied to search 
the optimal combination of phase factors, which can significantly reduce the computational complexity and offers 
lower PAPR at the same time. Simulation results show that the HS-PTS algorithm can achieve the good tradeoff 
between PAPR reduction performance and computational complexity. 
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1. Introduction 
Orthogonal frequency division multiplexing (OFDM) is a popular technique in various high-speed 
wireless systems owing to the spectrum efficiency and channel robustness. Therefore, it has been used in 
many wireless communication standards. However, OFDM has the large peak-to-average power ratio 
(PAPR), which means that the output amplifier in OFDM transmitters must be linear over a wide dynamic 
range [1-2]. Therefore, it is desirable to investigate subcarriers phasing that minimizes the PAPR. 
Several solutions have been proposed in recent years, such as clipping, block coding, nonlinear 
companding transform schemes, active constellation extension, selective mapping and partial transmit 
sequences (PTS) [3-7]. Among these methods, PTS scheme is the most attractive approach due to its 
excellent PAPR performance. However, the exhaustive search complexity of the optimal phase 
combination increases exponentially with the number of sub-blocks. In this paper, we propose a new 
suboptimal PTS scheme based on harmony search (HS-PTS). The proposed scheme can find the better 
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combination of the phase factors with relative small amount of search, thus achieve better tradeoff 
between PAPR performance and computational complexity. 
2. PAPR of OFDM Signals 
With OFDM modulation, a block of  data symbols (one OFDM symbol), { ,  will 
be transmitted in parallel such that each modulates a different subcarrier from a set n{ , .
The  subcarriers are orthogonal, i.e. n
N 0,1, , 1}nX n N= ⋅⋅⋅ −
0,1, ,f n N= ⋅⋅⋅ 1}−
N f n f= Δ , where 1/f NTΔ =  and is the symbol period. The 
complex envelope of the transmitted OFDM signal is given as 
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The of the transmitted OFDM signal of (1) is defined as PAPR
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where E[·] denotes the expected value. The complementary cumulative distribution function (CCDF) is 
one of the most frequently used performance measures for PAPR reduction, representing the probability 
that the PAPR of an OFDM symbol exceeds the given threshold , which is denoted as 0
                                                                                                                         (3) 
PAPR
0CCDF Pr(PAPR PAPR )= >  
3. PTS Technique 
In a typical OFDM system with PTS technique to reduce the PAPR, the input data block X  is 
partitioned into M disjoint subblocks, which is denoted as , therefore ( 0,1, , 1mX m M= ⋅⋅⋅ − )
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Then, the subblocks mX are transformed into M time-domain partial transmit sequences by IFFTs. These 
partial sequences are independently rotated by phase factors  2 0,1, 1, { |m
j k
m m k WWb e
θ πθ
= ⋅⋅⋅ −
=   ∈ } . The object is 
to optimally combine the M subblocks to obtain the OFDM signals with the lowest PAPR  
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Assuming that there are W phase angles to be allowed, thus there are MD W= alternative 
representations for an OFDM symbol. Cimini and Sollenberger’s iterative PTS (IPTS) technique is 
developed as a sub-optimum technique for PTS in [8]. The IPTS technique use linear search to find the 
sub-optimal combination of phase factors, thus its search complexity is proportional to MW . However, 
there is some gap between its PAPR performance and that of the ordinary PTS technique. 
4. . Minimize PAPR Using Harmony Search 
The searching sequences of PTS can be formulated as a combinatorial optimization problem with some 
variables and constrains [9]. Then, an optimal combinational scheme derived from harmony search, is 
proposed to achieve better PAPR reduction with low number of trials.  
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 4.1 Harmony research (HS) 
The HS algorithm is based on natural musical performance processes that occur when a musician 
searches for a better state of harmony [10]. The improvisation seeks to find musically pleasing harmony 
as determined by an aesthetic standard, just as the optimization process seeks to find a global solution as 
determined by an objective function. The pitch of each musical instrument determines the aesthetic 
quality, just as the objective function value is determined by the set of values assigned to each decision 
variable. In general, the HS algorithm works as follows: 
Step 1. Parameter initialization. In this step, HSA parameters are specified: harmony memory size 
(HMS) (number of solutions in memory), given harmony memory considering rate (HMCR), pitch 
adjusting rate (PAR), and stopping criterion. 
Step 2. Initialization of a harmony memory (HM). In this step, a set of HMS solutions is randomly 
generated and for each structure , the objective function ( 1,2, , )i i HMS= ⋅⋅⋅ ( )f x  is evaluated. HM 
memory can be considered as a matrix containing a set of solutions or harmonies. 
Step 3. Improvization of a new harmony from HM. A new harmony vector 1 2( , , , )Nx x x x′ ′ ′′ = ⋅⋅⋅  is 
determined by three rules: memory consideration, pitch adjustment and random selection. By using the 
HMCR parameter, each variable 1 2( , , , )Nx x x x′ ′ ′′ = ⋅⋅ ⋅ is randomly chosen from the vector of HM. 
Step 4.If the new harmony is feasible and better than the minimum harmony in HM (for maximization 
problems), include the new harmony in HM and exclude the minimum harmony from HM. 
Step 5. If the stopping criterion is not satisfied, go to Step 2. 
4.2 Harmony research to reduce PAPR 
The optimization problem of PTS, which is trying to find the aggregate of phase factors vector mb  to 
yield the OFDM signals with the minimum PAPR, can be considered as the combinatorial optimization 
problem. In other words, the objective function (6) is to minimize the PAPR of the transmitted OFDM 
signals. Since PTS with binary weighting factors , attains a favorable performance-
redundancy tradeoff, we concentrate on this choice in the following. 
{ 1} =2)mb W∈ ±   (
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 In order to apply the HS algorithm to search the better combination of phase factors for PTS, the 
parameters are specified: number of musical instruments (number of phase factors) = M; pitch range of 
each instrument (value range of each decision variable) = {+1,-1}; HMS = 10; HMCR = 0.95; PAR = 
0.05; and stopping criterion K = 10 improvisations. Next, harmonies (phase factors) are randomly 
generated from the possible range as many as HMS. After that, a new phase factor is improvised based on 
three rules (random selection, HM consideration, pitch adjustment). If the fitness of the improvised phase 
factor vector 1, 2,  is better than that of any harmony stored in the HM, the new phase factor is 
included in the HM, and the existing harmony with the worst fitness is excluded from the HM. The new 
phase factor is continuously improvised until the stopping criterion is satisfied. In the HS-PTS algorithm, 
the search complexity is proportional to
=( , )mb b b b⋅ ⋅⋅
MK .All of these operators are well illustrated using pseudo code 
as in Fig. 1. 
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Fig. 1 Pseudo code of the HS algorithm 
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5. Simulation Results 
In this section, we present some simulations to demonstrate the performance of the HS-PTS algorithm. 
We assume that 10  random QAM modulated OFDM symbols were generated with  subcarriers, 
M=8 subblocks and the phase factors mb .In HS-PTS algorithm, the parameters are 
specified: number of phase factors M=8; pitch range of each phase factor = {+1,-1}; HMS = 10; HMCR = 
0.95; PAR = 0.05; and maximum iterative number (stopping criterion) K = 10. 
4 256N =
{ 1} =2)W∈ ±   (
Original signal
HS-PTS(K=10)
HS-PTS(K=20)
HS-PTS(K=30)
Fig.2 Comparison of PAPR performance (PTS, IPTS, HS-PTS)                  Fig.3 Comparison of PAPR performance (K=10,20,30) 
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In Fig. 2, the performance of all the algorithms are analyzed, to compare PAPR reduction performance 
with HS-PTS algorithm. When , the 0PA of the original OFDM is 10.6dB, 
PTS is 7.6dB with exhaustive searching complexity ,and IPTS is 9.6dB with iterative searching 
complexity 1 , and HS-PTS is 7.8dB with search complexity 0 . It is evident 
that the HS-PTS can provide the perfect PAPR reduction performance with keeping much lower 
complexity compared with the PTS and IPTS. 
3
0Pr(PAPR>PAPR ) 10
−
=
82 =
PR
256
16K MW= = 80K KM= =
Fig. 3 shows some comparisons of the PAPR reduction performance with different iteration number .
As  increases, the  performance of HS-PTS has little improvement and the computational 
complexity becomes high accordingly. Therefore, an appropriate iteration number  is chosen to 
achieve the best tradeoff between the PAPR reduction performance and complexity. 
K
K PAPR
=10K
6. Conclusions 
In this paper, harmony search based PTS algorithm is proposed to search the optimal combination of 
phase factors of OFDM signals. It can achieve perfect tradeoff between PAPR performance and 
computational complexity compared with PTS and IPTS algorithms. Moreover, because the HS-PTS 
algorithm only has few control parameters, so it is easy to be adjusted. 
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